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METHOD FOR CONTROLLING CLEANING
DEVICE

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This non-provisional application claims priority under 335
U.S.C. §119(a) on Patent Application No(s). 098138838 filed

in Tatwan, R.O.C. on Nov. 16, 2009, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for controlling a
cleaning device, and more particularly to a method for con-
trolling a vacuum cleaner.

2. Related Art

Particle (dust) detecting technologies have been applied to
particle amount detection and environment control of con-
ventional vacuum cleaners, air cleaners, and self-propelled
vacuum cleaners, so as to clean up the particles (dust) more
cifectively. Therefore, as long as the amount of particles
(dust) can be detected 1n a simple but effective manner, such
a technology may be used to enhance the service efficiency of
the conventional vacuum cleaner, the air cleaner, and the
self-propelled vacuum cleaner, thereby achieving the effect
of energy saving and carbon reduction.

The existing particle detecting technologies may be
roughly divided mto the following three types.

(1) Optical detecting type: 1n the particle detecting tech-
nology of this type, the content of particles (dust) 1n the air 1s
detected by using a pair of optical emitting and receiving
devices. When the content of particles (dust) in the air rises,
the light flux detected by the recerving device 1s lowered with
the increase of the content of particles (dust). Therefore, such
a technology can determine the content of particles (dust) 1n
the air through the light flux detected by the recerving device.

(2) Pressure difference detecting type: 1n the particle
detecting technology of this type, the content of particles
(dust) 1n the conventional vacuum cleaner, the air cleaner, and
the self-propelled vacuum cleaner 1s determined through the
pressure difference between the air inlet and the air outlet of
the conventional vacuum cleaner, the air cleaner, or the selt-
propelled vacuum cleaner.

(3) Piezoelectric pressure sensing type: in the particle
detecting technology of this type, a pressure sensing element
tabricated by using lead zirconate titanate (PZT) 1s placed on

a wall of the air inlet. Theretore, when the particles (dust) 1in
the air are sucked 1nto the air inlet of the conventional vacuum
cleaner, the air cleaner, or the seli-propelled vacuum cleaner,
such a technology can determine the amount of garbage in the
air 1nlet through the force of impacting the pressure sensing
clement by the particles (dust).

Although various particle detecting technologies are pro-
posedinthe prior art, the conventional vacuum cleaner, the air
cleaner, or the self-propelled vacuum cleaner still cannot
automatically recognize the states that a mechanical failure
occurs, the filter screen 1s broken, the dust collection box 1s
full, the amount of dust 1s increased, and the like.

SUMMARY OF THE INVENTION

In order to solve the above problem, the present invention
1s a method for controlling a cleaning device, so as to auto-
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2

matically recognize the states that the dust collection box 1s
tull, the amount of dust 1s increased, the cleaning device 1s 1n
a normal state, and the like.

Therefore, in an embodiment, the present invention pro-
vides a method for controlling a cleaning device, which com-
prises the following steps. A cleaning device, comprising a
control unit, a fan module, an optical emitter, and an optical
sensor, 1s provided. The fan module and the optical sensor are
respectively electrically connected to the control unit. The
optical emitter and the optical sensor are located 1n an air inlet
of the fan module, and the optical sensor receives a light ray
emitted by the optical emitter. The control unit 1s preset with
a first impedance value (Z1), a second impedance value (72),
and a threshold, where 0<Z1<Z2. Then, the control unit reads
an impedance value (Z) of the fan module, and compares the
impedance value with the first impedance value and the sec-
ond impedance value. If Z1<Z<Z2, the control unit drives the
fan module to generate a first pressure difference. If Z2<7Z, the
control unit reads an intensity of the received light ray
detected by the optical sensor. If the light ray intensity
exceeds the threshold, the control unit drives the fan module
to generate a second pressure difference, and the second
pressure difference 1s greater than the first pressure difier-
ence. If the light ray intensity 1s smaller than the threshold, the
control unit turns off the fan module.

In other embodiments of the present invention, 11 Z<Z1, the
control unit turns off the fan module.

Moreover, in another embodiment, the present invention
turther provides a method for controlling a cleaning device,
which comprises the following steps. A cleaning device, com-
prising a control unit, a fan module, an optical emitter, and an
optical sensor, 1s provided. The fan module and the optical
sensor are respectively electrically connected to the control
unit. The optical emitter and the optical sensor are located in
an air inlet of the fan module. The optical sensor receives a
light ray emitted by the optical emitter, and detects an inten-
sity of the recerved light ray. The control unit is preset with a
first impedance value (Z1), a second impedance value (72), a
third impedance wvalue (Z3), and a threshold, where
0<Z1</2</3. Then, the control unit reads an impedance
value (7)) of the fan module, and compares the impedance
value with the first impedance value, the second impedance
value, and the third impedance value. If Z1<Z<Z2, the control
unmt drives the fan module to generate a first pressure ditler-
ence. If Z2</</3, the control unit reads the intensity of the
received light ray detected by the optical sensor. If the light
ray 1ntensity exceeds the threshold, the control unit drives the
fan module to generate a second pressure difference, and the
second pressure difference 1s greater than the first pressure
difference. It the light ray intensity 1s smaller than the thresh-
old, the control unit turns ot the fan module. If Z3<Z, the
control unit turns off the fan module.

In other embodiments of the present invention, the control
umt 1s preset with a fourth impedance value (74), where
0</24</1</2<7/3, and the method further comprises: turning
oll the fan module by the control unit, 11 Z<Z4, and preferably
emitting a warning signal by the control unit, if Z4<Z<7Z1, 1n
which the warning signal 1s, for example, a sound or a light
ray.

In other embodiments of the present invention, the fan
module comprises a current detection device, a motor, and a
fan. The fan 1s connected to the motor, and the current detec-
tion device 1s electrically connected to the motor and the
control unit. The step of reading the impedance value (7)) of
the fan module by the control unit further comprises: detect-
ing a current value of the motor by the current detection
device and transmitting the current value to the control unit;
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and then, converting the current value to the impedance value
of the motor by the control unit.

In view of the above, 1n the aforementioned embodiments,
the control unit determines a change of the impedance value
of the fan module, and automatically increases a suction force >
ol the fan module or turns off the fan module according to the
change of the impedance value of the fan module, thereby
greatly improving the use convenience. Moreover, the control

unit detects an output signal of the optical sensor, such that the
control unit is enabled to turn off the fan module in a state that 10
the dust collection box 1s full, so as to prevent the fan module
from continuously operating 1n this state to result 1n energy
waste.

BRIEF DESCRIPTION OF THE DRAWINGS 15

The present invention will become more fully understood
from the detailed description given herein below for 1llustra-
tion only, and thus are not limitative of the present invention,
and wherein: 20

FIG. 1A 1s a schematic circuit diagram of a cleaning device
according to an embodiment of the present invention;

FIG. 1B 1s a schematic structural view of a dust collection
box, a fan module, and a filter screen of a cleaning device
according to an embodiment of the present invention; 25

FIG. 2 shows a method for controlling a cleaming device
according to an embodiment of the present invention; and

FIG. 3 shows a method for controlling a cleaming device

according to another embodiment of the present invention.
30

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1A 1s a schematic circuit diagram of a cleaning device
according to an embodiment of the present invention. Refer-
ring to FIG. 1A, for ease of 1llustration, the cleaning device 35
100 of this embodiment 1s, for example, a vacuum cleaner. In
other embodiments of the present invention, the cleaning
device 100 and a method for controlling the cleaning device
100 described 1n the following may also be applied to an air
cleaner. The cleaning device 100 comprises a control unit 40
110, a fan module 120, an optical emitter 130, and an optical
sensor 140. In this embodiment, the control unit 110 1s, for
example, a logic circuit. However, 1n another embodiment of
the present invention, the control unit 110 comprises, for
example, a microprocessor and a memory. A program 1S 45
stored 1n the memory. The microprocessor 1s electrically con-
nected to the memory, such that the microprocessor executes
a series of steps according to the program. In still another
embodiment of the present invention, the control unit 110 1s,
for example, an application specific integrated circuit 50
(ASIC). Based on the above, the control unit 110 may be
programmed to execute a series of steps 1 the method for
controlling the cleaning device 100. A first impedance value
/.1 and a second impedance value Z2 are preset 1n the control
unit 110, where 0<Z1</2. In addition, a threshold P 1s preset 55
in the control unit 110.

The fan module 120 1s electrically connected to the control
unit 110, and the control unit 110 1s enabled to read an
impedance value of the fan module 120. More particularly,
the fan module 120 comprises a current detection device 122, 60
a motor 124, and a fan (not shown). The fan 1s fixed on the
motor 124, such that when the motor 124 1s in an operating
state, the fan module 120 generates a pressure difference
between an air 1nlet and an air outlet, so as to suck garbage
into a dust collection box of the cleaning device 100. The 65
current detection device 122 1s respectively electrically con-
nected to the motor 124 and the control unit 110, and the

4

current detection device 122 1s used for detecting a current
value of the motor 124. It should be noted that, although the
current detection device 122 and the motor 124 of the fan
module 120 are two independent elements 1n this embodi-
ment, the configuration of the fan module 120 1s not limited
herein. In other embodiments of the present invention, when
the motor 124 1s a brushless electric motor, the current detec-
tion device 122 may also be integrated 1n the motor 124.

The optical emitter 130 and the optical sensor 140 are
located on a wall of the air inlet of the fan module 120. In this
embodiment, the optical emitter 130 1s an infrared emaitter.
The optical emitter 130 1s used for emitting a lightray (that s,
an infrared ray). The optical sensor 140 1s used for receiving
the lightray emitted by the optical emitter 130, and outputting,
a s1ignal according to an intensity of the recerved light ray. The
optical sensor 140 1s electrically connected to the control unit
110, such that the control unit 110 1s enabled to determine the
intensity of the light ray received by the optical sensor 140
according to the signal output by the optical sensor 140.

FIG. 1B 1s a schematic structural view of the dust collection
box, the fan module, and a filter screen of the cleaning device
100. Referrning to FIG. 1B, since the cleaning device 100 of
this embodiment 1s, for example, the vacuum cleaner, the
cleaning device 100 further comprises a dust collection box
160 and a filter screen 170 located between the located dust
collection box 160 and the fan module 120.

Based on the above, 1n this embodiment, the control unit
110 executes the following steps. FIG. 2 shows the method for
controlling the cleaning device according to an embodiment
of the present invention. Referring to FIGS. 1A and 2, firstly,
as shown 1n Step S200, the control unit 110 reads an 1imped-
ance value Z of the fan module 120. For example, 1n a method
of reading the fan module 120, the current detection device
122 first detects a current value of the motor 124; and then, the
control unit 110 reads the current value detected by the cur-
rent detection device 122, and converts the current value to
the impedance value Z of the motor.

Next, as shown 1n Step S203, the control unit 110 respec-
tively compares the read impedance value 7 of the fan module
120 with the first impedance value Z1 and the second imped-
ance value 72, so as to determine whether the impedance
value 7Z 1s between the first impedance value Z1 and the
second 1impedance value Z2, that 1s, Z1<Z<Z2. If yes, 1t 1s
determined that the cleaning device 100 1s in the normal state,
and the control unit 110 executes Step S210. In Step S210, the
control unit 110 drives the fan module 120 to generate a first
pressure difference. In other words, the control unit 110
drives the fan module 120 so as to enable the fan of the fan
module 120 to rotate at a normal speed. It should be noted
that, since the cleaning device 100 of this embodiment 1s, for
example, the vacuum cleaner, the first pressure difference 1s
used for sucking garbage or dust from outside the cleaning
device 100 into the dust collection box of the cleaning device
100.

If the impedance value Z 1s not between the first impedance
value Z1 and the second impedance value Z2, the control unit
110 executes Step S2135. In Step S215, the control unit 110
determines whether the impedance value Z of the fan module
120 1s greater than the second impedance value 72, and 11 yes,
the control unit 110 executes Step S220.

In Step S220, the control unit 110 reads an intensity of a
light ray detected by the optical sensor 140, and determines
whether the intensity of the light ray detected by the optical
sensor 140 exceeds a threshold P preset in the control unit
110. In this embodiment, the optical emitter 130 and the
optical sensor 140 are located on the wall of the air inlet of the
fan module 120, and the optical sensor 140 is electrically
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connected to the control unit 110, such that the intensity of the
light ray recerved by the optical sensor 140 1s in inverse
proportion to the amount of garbage between the emitter 130
and the optical sensor 140. After the optical sensor 140
receives the light ray, the optical sensor 140 converts the >
intensity of the recerwved light ray to an output signal, and
transmits the output signal to the control umt 110. Therefore,
the control unit 110 1s enabled to determine whether the
intensity of the light ray detected by the optical sensor 140 1s

greater than the threshold P preset in the control unit 110
according to the output signal.

In Step S220, 1f the intensity of the light ray detected by the
optical sensor 140 1s greater than the threshold P preset in the
control unit 110, the control unit 110 determines that the dust
collection box of the cleaning device 100 is not full and the 1°
amount of garbage sucked into the cleaning device 100 1n a
unit time 1s increased. After that, the control unit 110 executes
Step 5225.

In Step S225, the control unit 110 controls the fan module
120 and raises the pressure difference generated by the fan 20
module 120 from the first pressure difference to a second
pressure diflerence, 1n which the second pressure difference
1s greater than the first pressure difference. In other words, the
control unit 110 drives the fan module 120 so as to enable the
fan of the fan module 120 to rotate at a speed higher than the
normal rotation speed. Based on the above steps, the cleaning,
device 100 automatically increases the suction force in
response to the increase of the amount of garbage. Next, the
control unit 110 re-executes Step S200 to detect the 1mped-
ance value of the fan module 120 again.

Referring to Step S220, if the intensity of the light ray 3"
detected by the optical sensor 140 1s smaller than the thresh-
old P preset in the control unit 110, the control unit 110
determines that the dust collection box of the cleaning device
100 1s tull. Afterward, the control unit 110 executes Step
5230. 35

In Step 230, the dust collection box 1s full, and the control
unit 110 turns off the fan module 120. Through Step S225, the
cleaning device 100 automatically prevents the fan module
120 from continuously operating in the state that the dust
collection box 1s full to result 1n energy waste. 40

Based on the above steps, the method for controlling the
cleaning device 100 of this embodiment can automatically
determine whether the cleaning device 1s 1n a normal state, or
in a state that the dust collection box 1s full or the amount of
garbage 1s increased, or the like, so as to adopt corresponding
response measures.

In addition to the recognition of the above states, referring
to Step S215, 11 the impedance value Z of the fan module 120
1s not greater than the second impedance value 72, the imped-
ance value Z of the fan module 120 1s smaller than the first
impedance value Z1. In this case, the control unit 110 deter- 50
mines that the filter screen 1s broken, and the control unit 110
executes Step S235, that 1s, to turn off the fan module 120.

In addition to the method for controlling the cleaning
device, according to another embodiment of the present
invention, the control unit 110 is preset with tour impedance
values, that 1s, a first impedance value 71, a second imped-
ance value 72, a third impedance value Z3, and a fourth
impedance value 74, where 0</4</1</2</3. Moreover, the
control unit 110 1s also preset with a threshold P.

Based on the above, 1n this embodiment, the control unit
110 executes the following steps. FIG. 3 shows the method for
controlling the cleaning device according to another embodi-
ment of the present invention. Referring to FIGS. 1A and 3,
firstly, as shown 1n Step S300, the control unit 110 reads an
impedance value Z of the fan module 120. For example, 1n a
method of reading the fan module 120, the current detection 65
device 122 first detects a current value of the motor 124; and
then, the control unit 110 reads the current value detected by
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the current detection device 122, and converts the current
value to the impedance value Z of the motor.

Next, as shown 1n Step S3035, the control unit 110 respec-
tively compares the read impedance value 7 of the fan module

120 with the first impedance value Z1 and the second imped-
ance value Z2, so as to determine whether the impedance
value 7 1s between the first impedance value Z1 and the
second 1impedance value Z2, that 1s, Z1<Z<Z2. If yes, 1t 1s
determined that the cleaning device 100 1s 1n the normal state,
and the control unit 110 executes Step S310. In Step S310, the
control unit 110 drives the fan module 120 to generate a first
pressure difference. It should be noted that, since the cleaning
device 100 of this embodiment 1s, for example, the vacuum
cleaner, the first pressure ditlerence 1s used for sucking gar-
bage or dust from outside the cleaning device 100 into the
dust collection box of the cleaning device 100.

Referring to Step S305, 1f the impedance value Z 1s not
between the first impedance value Z1 and the second imped-
ance value Z2, the control unit 110 executes Step 315. In Step
5315, the control unit 110 determines whether the impedance
value 7 of the fan module 120 1s greater than the third imped-
ance value Z3. If ves, the control unit 110 determines that a
mechanical failure occurs to the fan module 120, and executes
Step S320. In Step S320, the control unit 110 turns off the fan
module 120.

Referring to Step S315, 11 the control unit 110 determines
that the impedance value Z of the fan module 120 1s not
greater than the third impedance value 73, the control unit
110 executes Step S325. In Step S325, the control unit 110
determines whether the impedance value Z of the fan module
120 15 between the second impedance value Z2 and the third
impedance value 73, that1s, Z2</<73. If yes, the control unit
110 executes Step S320.

In Step S320, the control unit 110 reads an intensity of a
light ray detected by the optical sensor 140, and determines
whether the intensity of the light ray detected by the optical
sensor 140 exceeds a threshold P preset in the control unit
110. In this embodiment, the optical emitter 130 and the
optical sensor 140 are located on the wall of the air inlet of the
fan module 120, and the optical sensor 140 is electrically
connected to the control unit 110, such that the intensity of the
light ray recerved by the optical sensor 140 1s in inverse
proportion to the amount of garbage between the emaitter 130
and the optical sensor 140. After the optical sensor 140
receives the light ray, the optical sensor 140 converts the
intensity of the received light ray to an output signal, and
transmits the output signal to the control umt 110. Therefore,
the control unit 110 1s enabled to determine whether the
intensity of the light ray detected by the optical sensor 140 1s
greater than the threshold P preset in the control unit 110
according to the output signal.

In Step S320, if the intensity of the light ray detected by the
optical sensor 140 1s greater than the threshold P preset in the
control unit 110, the control unit 110 determines that the dust
collection box of the cleaning device 100 1s not full and the
amount of garbage sucked into the cleaning device 100 1n a
unit time 1s increased. After that, the control unit 110 executes
Step 5325.

In Step S325, the dust collection box 1s not full and the
amount of garbage 1s increased, such that the control unit 110
controls the fan module 120 and raises the pressure difference
generated by the fan module 120 from the first pressure dii-
ference to a second pressure difference, 1n which the second
pressure difference 1s greater than the first pressure difier-
ence. Based on the above steps, the cleaning device 100
automatically increases the suction force 1n response to the
increase of the amount of garbage. Next, the control unit 110
re-executes Step S300 to detect the impedance value of the
fan module 120 again.

Referring to Step S320, if the intensity of the light ray
detected by the optical sensor 140 1s smaller than the thresh-
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old P preset in the control unit 110, the control unit 110
determines that the dust collection box of the cleaming device
100 1s tull. Afterward, the control unit 110 executes Step
S330.

In Step S330, the dust collection box 1s full, and the control
unit 110 turns off the fan module 120. Through Step S330, the
cleaning device 100 automatically prevents the fan module
120 from continuously operating in the state that the dust
collection box 1s full to result 1n energy waste.

In addition to the recognition of the above states, referring
to Step S325, 11 the impedance value Z of the fan module 120
1s not between the second impedance value Z2 and the third
impedance value 73, the control unit 110 determines whether
the impedance value Z of the fan module 120 1s smaller than
the fourth impedance value 74 (Step S345). If yes, the control
unit 110 determines that the filter screen 1s not installed 1n the
cleaning device 100, and executes Step S350. In Step S350,
the control unit 110 turns oif the fan module 120.

Referring to Step S345, 1f the impedance value Z of the fan
module 120 1s not smaller than the fourth impedance value
74, the impedance value 7 of the fan module 120 1s between
the first impedance value Z1 and the fourth impedance value
74. In this case, the control unit 110 determines that the filter
screen 1s broken, and the control unit 110 executes Step S355.
In Step S355, the control unit 110 turns off the fan module
120. Preferably, in this embodiment, as shown in FIG. 1A, the
cleaning device 100 further comprises a warning device 150,
and the warning device 150 1s electrically connected to the
control unit 110. The warning device 150 1s, for example, a
buzzer or an indicator. Based on the design of the warning
device 150, when the impedance value Z of the fan module
120 1s not smaller than the second impedance value 72, 1n
addition to turning off the fan module 120, the control unit
110 also activates the warning device 150, so as to remind the
user to replace the filter screen by making a sound or emitting,
a light.

In view of the above, 1n the aforementioned embodiments,
the control unit determines a change of the impedance value
of the fan module, and automatically increases a suction force
of the fan module or turns off the fan module according to the
change of the impedance value of the fan module, thereby
greatly improving the use convenience. Moreover, the control
unit detects an output signal o the optical sensor, such that the
control unit 1s enabled to turn off the fan module 1n a state that
the dust collection box 1s full, so as to prevent the fan module
from continuously operating 1n this state to result in energy
waste.

What 1s claimed 1s:

1. A method for controlling a cleaning device, comprising:

providing a cleaming device which comprises a control
umt, a fan module, an optical emitter and an optical
sensor, wherein the fan module and the optical sensor are
respectively electrically connected to the control unit,
the optical emitter and the optical sensor are located in
an air inlet of the fan module, the optical sensor recerves
a light ray emitted by the optical emitter and detects an
intensity of the received light ray, and the control unit 1s
preset with a first impedance value (Z1), a second
impedance value (Z2) and a threshold, where 0<Z1<72;
and

reading an impedance value (Z) of the fan module by the
control unit and comparing the impedance value with the
first impedance value and the second impedance value,
wherein

it Z1</<72, the control unit drives the fan module to
generate a {irst pressure diflerence; and

it Z2<Z., the control unit reads the intensity of the received
lightray detected by the optical sensor, where the control
unit drives the fan module to generate a second pressure
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difference greater than the first pressure difference if the
light ray 1intensity exceeds the threshold, and the control
unit turns off the fan module 11 the light ray intensity 1s
smaller than the threshold.

2. The method for controlling the cleaning device accord-
ing to claim 1, wherein 1f Z<Z1, the control umt turns off the
fan module.

3. The method for controlling the cleaning device accord-
ing to claim 1, wherein the fan module comprises a current
detection device, a motor and a fan, the fan 1s connected to the
motor, the current detection device 1s electrically connected
to the motor and the control unit, and the step of reading the
impedance value (Z) of the fan module by the control unit
further comprises:

detecting a current value of the motor by the current detec-

tion device and transmitting the current value to the
control unit; and

converting the current value to the impedance value of the

motor by the control unit.
4. A method for controlling a cleaning device, comprising:
providing a cleaning device which comprises a control
unit, a fan module, an optical emitter and an optical
sensor, wherein the fan module and the optical sensor are
respectively electrically connected to the control unait,
the optical emitter and the optical sensor are located 1n
an air 1inlet of the fan module, the optical sensor receives
a light ray emitted by the optical emitter and detects an
intensity of the received light ray, and the control unit 1s
preset with a first impedance value (Z1), a second
impedance value (Z2), a third impedance value (Z3) and
a threshold, where 0</Z1</2</73; and

reading an impedance value (7)) of the fan module by the
control unit and comparing the impedance value with the
first impedance value, the second impedance value and
the third impedance value, wherein it Z1<7<72, the
control unit drives the fan module to generate a first
pressure difference;

1 Z2</</3, the control unit reads the intensity of the

received light ray detected by the optical sensor, where
the control unit drives the fan module to generate a
second pressure difference greater than the first pressure
difference 11 the light ray intensity exceeds the threshold,
and the control unit turns off the fan module 11 the light
ray intensity 1s smaller than the threshold; and

1f Z3<7Z, the control unit turns oft the fan module.

5. The method for controlling the cleaning device accord-
ing to claim 4, wherein the control unit is preset with a fourth
impedance value (Z4), where 0</Z4</1</2<7/3, and the
method further comprises: turning off the fan module by the
control unit if Z<74.

6. The method for controlling the cleaning device accord-
ing to claim 5, further comprising;:

emitting a warning signal by the control unit if Z4<Z<Z1.

7. The method for controlling the cleaning device accord-
ing to claim 6, wherein the warning signal 1s a sound or
another light ray.

8. The method for controlling the cleaning device accord-
ing to claim 4, wherein the fan module comprises a current
detection device, a motor and a fan, the fan 1s connected to the
motor, the current detection device 1s electrically connected
to the motor and the control unit, and the step of reading the
impedance value (Z) of the fan module by the control unit
further comprises:

detecting a current value of the motor by the current detec-

tion device and transmitting the current value to the
control unit; and

converting the current value to the impedance value of the

motor by the control unit.
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